Objective: Smoking serves different functions for men and women. Thus, we wanted to investigate the association between smoking behaviour and intakes of selected healthy foods in men and women with special focus on differences and similarities between the two genders. Design: In 1993 -1997, a random sample of 80 996 men and 79 729 women aged 50 -64 y was invited to participate in the study 'Diet, Cancer and Health'. In all, 27 179 men and 29 876 women attended a health examination and completed a 192-item food-frequency questionnaire (FFQ). The association between smoking status and low, median and high intakes of selected foods was examined among 25 821 men and 28 596 women. Setting: The greater Copenhagen and Aarhus area, Denmark. Results: For both men and women, smoking status group was associated with diet, such that increasing level of smoking status ranging from never smokers over ex-smokers to currently heavy smokers was associated with a lower intake of the healthy foods: fresh fruit, cooked vegetables, raw vegetables=salad, and olive oil. For wine, increasing level of smoking status category was associated with a higher fraction of abstainers and heavy drinkers. The difference between the extreme smoking status categories was larger than the difference between men and women within smoking status categories such that never smoking men in general had a higher intake of healthy foods than heavy smoking women. Correction for age, educational level, and body mass index (BMI) did not affect the results. Conclusion: In this middle-aged population, intake of healthy foods were associated with smoking behaviour with a doseresponse type of relationship. The overall pattern was similar for men and women.
Introduction
Adult smokers seem to eat differently from non-smokers (Nuttens et al, 1992; Thompson et al, 1992; Margetts & Jackson, 1993; Surbar & Harlan, 1993; Serdula et al, 1995; Prättälla et al, 1998; Morabia et al, 1999) . A greater knowledge of the food intakes of smokers, ex-smokers and nonsmokers is important not only for epidemiologists, who are assessing disease risks, but also for those who study factors influencing lifestyle.
Generally, non-smokers have more healthy dietary patterns than smokers. Typical foods eaten more by non-smokers are fruit and vegetables, whereas smokers eat more meat and fat spreads and drink more alcoholic beverages. With regard to diet, ex-smokers seem to be similar to those who have never smoked (Whichelow et al, 1988; Kato et al, 1989; Morabia & Wynder, 1990; Surbar & Harlan, 1993) , or an intermediate group between them and current smokers (Hebert & Kabat, 1990; Cade & Margetts, 1991; BoltonSmith et al, 1993; Thornton et al, 1994) . There seems to be a dose -response relationship with those who had never smoked having the most healthy dietary habits and heavy smokers having the poorest diets (Whichelow et al, 1991; Prättälla et al, 1998) . The association between smoking and vegetable intake seems to exist across populations in Western developed countries (Serdula et al, 1995) and to be relatively stable over time (Prättälla et al, 1998) .
During the past few decades the prevalence of smoking has decreased in Western Europe. However, in most countries the decrease has been most pronounced in men, and the gender differences in smoking prevalence has diminished. This has led to several studies in order to get a better understanding of the less favourable development in women. Smoking seems to serve different functions for men and women (Waldron, 1991) . Some studies have shown that, compared to men, women more often use cigarettes to cope with stress and to prevent weight gain (Graham, 1994; Osler et al, 1999) . Thus, we suspected that female smokers might be more concerned with their dietary habits than male smokers. However, previous studies on smoking and diet have included relatively small numbers of female smokers. Consequently, these studies do not shed light on whether the presumed association between smoking and diet varies with gender. Therefore, in the present study based on a sample of the middle-aged Danish population with a large number of heavy smoking females, we examined the association between intakes of selected healthy foods and smoking behaviour for men and women with special focus on differences and similarities between the two genders.
Material and methods

Material
From December 1993 to May 1997, a total of 80 996 men and 79 729 women aged 50 -64 y, who were born in Denmark, living in the greater Copenhagen or Aarhus areas and having no previous cancers at the time of inclusion, were invited to participate in the study on 'Diet, Cancer and Health'. They were selected at random from the Danish Central Population Registry where every Danish citizen is registered with a unique number that incorporates date of birth and sex. The study protocol was approved by the relevant scientific committees. In all, 27 179 men and 29 876 women were recruited. All participants attended a health examination and completed a detailed 192-item food-frequency questionnaire (FFQ) covering the previous year. In addition, all participants filled in a questionnaire about known risk factors for cancer development such as smoking habits, previous alcohol intake, and educational level. Baseline characteristics of the study group are shown in Table 1 .
Smoking habits
The lifestyle questionnaire included detailed questions regarding present and past tobacco consumption. Smoking habits were categorized according to previous or present tobacco consumption, ie never-smoker, ex-smoker (years since smoking cessation as < 1 y, 1 -3 y, 4 -10 y, 11 þ y) and smokers (1 -14.5 g tobacco=day, 15 -24.5 g tobacco=day, 25 þ g tobacco=day). Smokers were divided into smoking preference groups. A preferrer of cigarettes was a person who consumed at least 50% of the total tobacco consumption as cigarettes. Present tobacco consumption was calculated by equating a cigarette to 1 g, a cheroot or pipe to 3 g and a cigar to 4.5 g of tobacco. A total of 25 821 men and 28 596 women could be classified with respect to smoking habits. Data on smoking status or the amount of tobbaco smoked was missing for 1265 women and 1325 men. These groups were older, less educated and had higher body mass indexes (BMI) than those with complete information on smoking. Because of the very limited number of women who preferred other types of tobacco than cigarettes, we excluded participants who preferred other types of tobacco from the analyses. Furthermore, since all members of a family may influence the diet, we decided to exclude the never smokers who claimed to be passive smokers at home. More than 50% of the tobacco smoked. Due to missing information for some subjects numbers may not add up to total.
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Dietary habits
The present study will focus on a Mediterranean-like diet. This includes use of olive oil in cooked meals and salads, large amounts of fruit and vegetables and consumption of wine.
Frequencies of the selected foods were determined from the FFQ. A description of the development and validation of the questionnaire was published previously Tjønneland et al, 1991) . Briefly, the FFQ covered the usual diet for the previous year. Intakes of 192 different foods were recorded as frequencies of intake in 12 categories, ranging from 'never' to 'eight or more times a day'. To adjust for a possible overestimation, the questions on frequencies of intake of several specific types of fruit and vegetables were complemented by three additional questions on the overall intake of fruit, raw vegetables=salad and cooked vegetables (excluding potatoes). Answers to these overall questions were used in the analysis. In the questionnaire, the participants indicated which type of fat they used for cooking. Two groups of participants were formed -one group of participants who used olive oil and one group who used other types of fat for cooking. Alcohol intake was recorded as the average frequency of intake of specific amount of each beverage type over the preceding year: beer (one bottle), wine (one glass), and spirits, eg schnapps, whisky or gin (one drink). The present study focuses on wine consumption.
Other covariates
In the questionnaire, educational attainment was estimated from length in years of education after secondary school as none, low ( < 3 y), medium (3 -4 y), or high ( > 4 y). Anthropometric measurements were obtained, including height and weight. Body mass index (BMI) was calculated as weight (kg) per height squared (m 2 ). When measured for body weight and height, the participants were dressed in light underwear only.
Statistical methods
Deviations in the distribution of the intake of a specific food may follow different patterns. We focused on the possibility of a generally higher intake giving a shift of the whole distribution, and the possibility that the frequency of extreme intakes (high, low or both) changed with or without a simultaneous shift of the central part of the distribution. A shift of the central part was investigated by an analysis of the probability of an intake above the observed median of the whole cohort. Differences in the frequencies of extreme intakes were investigated through separate analyses of the probability of a very high intake and the probability of a very low intake, respectively. As a compromise between the wish to identify differences in the frequencies of truly extreme intakes and the necessity of decreasing the influence of random fluctuations associated with too extreme quantiles, we chose to define very high and very low intake by the quantiles closest to the 90th and 10th percentiles for the whole cohort (except for wine intake, where the abstainers comprised the very low intake group).
The evaluation of the food intake distributions was mainly based on a graphical examination of the dependence of the three probabilites on the smoking status category. The graphical illustration was designed to show the observed fractions with the vertical axis scaled such that parallel curves corresponded to an additive effect of gender and smoking status category in a logistic regression model. The graphical examination was supplemented with seperate numerical analyses for each cut-off point (the median, the 10th percentile and the 90th percentile, respectively). For each cut-off point, we modelled the probability of an intake above the cut-off point by a logistic regression model. The cut-off points were considered seperately to detect and distinguish the previously mentioned different types of deviations.
The logistic regression analyses were performed genderspecific as well as combined. In the gender-specific analyses, we tested the gender-specific effect of smoking status category; in the combined analysis, we tested the interaction between gender and smoking status category.
The logistic regression analyses were performed with as well as without adjustment for age, education and BMI. The results were quite similar, and we have, therefore, chosen to present the unadjusted data in this paper.
The Genmod procedure of SAS version 6.12 for for UNIX (SAS institue Inc.) was used in the logistic regression analyses.
Results
The fractions with very low, low and very high intakes in each smoking status category are shown in Table 2 for men and in Table 3 for women. All foods considered were significantly associated with the smoking status category for both men and women (all P 0.0001). Figure 1 shows the gender-specific fraction of individuals in each smoking status category with intake above each of the three cut-off points against the smoking status category, for fresh fruit (upper left panel), raw vegetables=salad (upper left panel), cooked vegetables (lower right panel), and wine (lower right panel). The black curves show the women and the gray curves show men. The vertical axis is scaled such that the parallel curves for the two genders correspond to an additive effect of gender and smoking status category in a logistic regression model. Except for wine, the curves show a fairly parallel course for men and women.
The three pairs of curves in each panel correspond to the three cut-off points; the upper pair of curves show the high probabilities of intake above the cut-point defining a very low intake, the middle pair of curves show the probabilities of intake above the median, and the lower pair of curves show the probabilities of a very high intake of this food.
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Decreasing curves reflect an increase in smoking status category from never smoker over ex-smoker to heavy smoker being associated with a decreasing probability of an intake above the cut-off points, indicating a lower intake of this food. Except for wine, all three pairs of curves decrease, indicating a general shift of the distribution towards a lower intake among smokers.
Men consistently had a lower intake of fresh fruit, cooked vegetables and raw vegetables=salad than women within each smoking status category. The gender differences were smaller than the difference between extreme smoking status categories such that never smoking men in general had a healthier diet than heavy smoking women. The interaction between gender and smoking status category was insignif- Smoking status, healthy foods and gender M Osler et al icant except for high intake of raw vegetables=salad (P ¼ 0.0001) and low intake of fresh fruit (P < 0.0001), and borderline significant for high intake of fresh fruit (P ¼ 0.024). The two clearly significant interactions between gender and smoking status category were mainly the difference between low and high level of smoking status category, such that the odds ratios comparing men with women for current smokers and very recent ex-smokers ( < 1 y) were different from those for longer-term ex-smokers and never smokers; the difference between the genders was larger for smokers with respect to high intake of raw vegetables=salad, and the difference was smaller for smokers with respect to low intake of fresh fruit. The borderline significant interaction for high intake of fresh fruit was caused by the smoking status category 'ex-smoker for 1 -3 y', where the men and the women both differed slightly from the overall trend according to smoking status category, but in opposite directions. In contrast to the other foods, the deviations in the wine intake were mainly in the tails of the distribution: the fraction of people who never drank wine was lower for smokers (upper curves), meaning that there were more abstainers among smokers, but, simultaneously, the fraction of people with a very high intake for Danish standards (four or more glasses per day) was higher. Though the fundamental pattern was the same for men and women, the differences between the smoking status categories were more distinct for the women, as indicated by the crossing of the curves for men and women. For moderate and high wine intake, there were significant interactions between gender and smoking status category (both P < 0.0001). Female never smokers and long-term ex-smokers more often had a low intake than their male counterparts but the difference decreased with increasing smoking status category such that light smoking men and women were fairly similar and heavy smoking women more often had a higher intake than heavy smoking men. For high wine intake, the trend according to smoking status category was much stronger for the women, such that female never smokers and long-term ex-smokers were less often heavy drinkers and female heavy smokers were more often heavy drinkers than their male counterparts. The interaction between gender and smoking status category was insignificant for the fraction of abstainers (P ¼ 0.11). The gender The upper set of curves shows the percentage with an intake above the lower limit; the middle set of curves shows the percentage with intake above the (overall) median intake; and the lower set of curves shows the percentage with a very high intake. The vertical axis is logit-scaled, such that the usual additive logistic regression model for the effect of gender and smoking status group corresponds to parallel curves for the two genders.
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The interaction between gender and smoking status category was insignificant for preference for olive oil (P ¼ 0.08), and the gender difference was much smaller than the difference between smoking status categories.
Discussion
In general, increasing smoking status category (ordered from never smoker over long-term ex-smoker to presently heavy cigarette smokers) was associated with an unhealthier diet with less fruit and vegetables and less use of olive oil, and smokers were more often either heavy wine drinkers or wine abstainers. Except for wine, the pattern was parallel for the two genders such that the negative association between the smoking status category and the intake of the heathy foods was as strong for women as it was for men, but within each smoking status category, men had an unhealthier diet than their female counterparts.
The difference in food intakes may be due to change in smokers taste preferences induced by nicotine or other substances in tobacco smoke. Thus the less frequent intake of fruit by smokers is consistent with research suggesting that smoking decreases the desire for sweet foods. A few studies give gender-specific data on diet and smoking, and they also suggest that in both men and women, smokers and in particular heavy smokers eat less fresh fruit and vegetables, and drink more alcohol than non-smokers (Morabia & Wynder, 1990; Whichelow et al, 1991; Thompson et al, 1992; Bolton-Smith et al, 1993; Margetts & Jackson, 1993; Prättälla et al, 1998; Morabia et al, 1999) . However, the number of female heavy smokers were relatively small ( < 100) in most studies. Why both male and female smokers eat more unhealthy diets remains a subject for speculation.
The dietary pattern of ex-smokers showed a trend towards a greater similarity to the dietary pattern of never smokers with increasing number of years since quitting even beyond 4 y. A study of 395 smokers followed for 1 y found transient changes in some nutrient intakes between those who continued smoking and 20 who gave up smoking (Thompson et al, 1995) . Longitudinal studies covering several years of observation with repeated measurement of dietary habits are needed to evaluate whether the dietary pattern changes on the individual level with time since quitting smoking. More importantly, longitudinal studies of the dependence of the rate of smoking resumption on dietary habits are needed to evaluate whether the observed trend actually also reflects an opposite link of causation, since the trend could also reflect that ex-smokers with dietary pattern similar to never smokers are less likely to resume smoking.
The never smokers who were passive smokers at home were excluded from the analyses because all members of a family may influence the family diet. However, the genderspecific dietary pattern of the group of passive smokers was fairly similar to the dietary pattern of the ex-smokers (data not shown). Further, the group of smokers who preferred other types of tobacco, which was excluded due to a low number of women, had a gender-specific dietary pattern which was in between ex-smokers and current cigarette smokers, with a dose -response pattern similar to the dose -response pattern for current cigarette smokers (data not shown).
The proportion participating in the study was only 33%. This will only influence the generalizability of the results of the present study if non-participants have a different relation between smoking and dietary habits. Another potential weakness of the study is that all the data were self-reported. Non-smokers and ex-smokers may be more health conscious than smokers, and the differences in the responses may reflect both differences in reporting and actual differences in behaviour.
Our results may have implications for the study of diseases such as cardiovascular disease and cancer, which are related to both smoking and diet. Studies of the health consequences of quitting smoking may be confounded by dietary factors in both men and women. For studies seeking gender differences in harmful effects of smoking it is also important to know whether potential confounders are similarly related to smoking in both men and women.
In conclusion, the present study showed that dietary habits were similarly associated with smoking behaviour in both men and women. Further studies need to be carried out to elucidate why both male and female smokers eat more unhealthy diets than non-smokers and to investigate whether smokers who quit smoking change their diet after smoking cessation or whether a healthy diet is associated with increased ability to avoid smoking resumption.
